(19) | Canadian 



Intellectual Property 
Office 

An Agency of 
Industry Canada 



Office de la Propriete 

Intellectuelle 

du Canada 

Un organism© 
□"Industrie Canada 



("> CA 2 072 752 oa> C 



(40) 08.02.2000 
(43) 03.07.1991 
(45) 08.02.2000 



(12) 

(21) 2 072 752 

(22) 27.12.1990 



(51) int. a.*: C08F 004/64, C08F 010/00, 
C08F 004/02 

(85) 30.06.1992 

(86) PCT/US90/07669 

(87) WQ9 1/09 882 



(30) 
(73) 



459,921 US 02.01.1990 



(72) 



EXXON CHEMICAL PATENTS INC. 

1900 East Linden Avenue LINDEN XX (US). 

EXXON CHEMICAL PATENTS INC. 

1900 East Linden Avenue LINDEN XX (US). 



Hlatky, Gregory George (US). 
Upton, David Jonathan (US). 
Turner, Howard William (US). 



(74) 



BORDEN ELUOT SCOTT & AYLEN 



(54) CATALYSEURS DE METALLOCENE IONIQUE SUR SUPPORT POUR LA POLYMERISATION DOLEFINES 
(54) SUPPORTED IONIC METALLOCENE CATALYSTS FOR OLEFIN POLYMERIZATION 



(57) 

A supported catalyst for olefin polymerisation 
comprising a Group IV-B metallocene component and an 
ionic activator component comprising a ration capable 
of donating a proton and a labile bulky anion having a 
plurality of lipophilic radicals so that the anion is 
sterically hindered from covalentty bonding with a 
ration produced from the Group IV-B metal of the 
metallocene. 



c 
( 

c 

i 




(12>C19) 



(ca) Brevet-Patent 



o p i c «l! wMs c i p o 

Office de la propribte Canadian Intellectual 

.HTZLLECTUELLE DC CANADA ^ PROPERTY OpFICE (11)(21)(C) 2,072,752 

(86) 1990/12/27 

«i i ^ (87) 1991/07/03 

(72) Hatky, Gregory George, US (45) 2000/02/08 

(72) Upton, David Jonathan, US 

(72) Turner, Howard William, US 

(73) EXXON CHEMICAL PATENTS INC., US 
(51) IntCl 6 C08F 4/64, C08F 4/02, C08F 10/00 
(30) 1990/01/02 (459,921) US 

(54) CATALYSEURS DE METALLOCENE IONIQUE SUR SUPPORT 

POUR LA POLYMERISATION D'OLEFINES 
(54) SUPPORTED IONIC METALLOCENE CATALYSTS FOR 
OLEFIN POLYMERIZATION 



(57) Catalyseur supporte de polymerisation d'olefines, 
comprenant un composant drainage organometallique du 
groupe 1V-13 ainsi qu'un composant d' activation ionique 
comprenant un cation capable de donner un proton, et un 
anion volumincux labile comporlanl unc pluralile dc 
radicaux lipophiles de sorte que Panion est empeche 
steriquement de se lier de maniere covalente a un cation 
produit par le metal du groupe 1V-13 de l'alliage 
organometallique. 



(57) A supported catalyst for olefin polymerisation 
comprising a Group IV-B metallocene component and 
an ionic activator component comprising a cation 
capable of donating a proton and a labile bulky anion . 
having a plurality of lipophilic radicals so thai the anion 
is sterically hindered from covalently bonding with a 
cation produced from the Group IV-B metal of the 
metallocene. \\>' - 



Industrie Canada Industry Canada 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
C08F 4/76, 4/603, 10/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 91/09882 
1 1 July 1991 (11j07.91) 



(21) International Application Number: PCT/US90/07669 

(22) International Filing Date : 27 December 1 990 (27. 1 2.90) 



(30) Priority data: 
459.921 



2 January 1990(02.01.90) 



US 



(71) Applicant: EXXON CHEMICAL PATENTS INC. (US/ 

US); 1900 East Linden Avenue, Linden, NJ 07036-0710 
(US). 

(72) Inventors: HLATKY, Gregory, George ; 1114 Indian Au- 

tumn, Houston, TX 77062 (US). UPTON, David, Jona- 
than ; 706 Glenmore, Pasadena, TX 77503 (US). TURN- 
ER, Howard, William ; 303 Elder Glen, Webster, TX 
77598 (US). 



(74) Agents: KURTZMAN, Myron, B. et al.; Exxon Chemical 
Company, 5200 Bayway Drive, Baytown, TX 
77522-5200 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BR, CA, CH (European patent), DE (Eu- 
ropean patent), DK (European patent), ES (European 
patent), FI, FR (European patent), GB (European pa- 
tent), GR (European patent), HU, IT (European patent), 
JP, KR, LU (European patent), NL (European patent), 
NO, SE (European patent), SU. 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



2072752 



(54) Title: SUPPORTED IONIC METALLOCENE CATALYSTS FOR OLEFIN POLYMERIZATION 
(57) Abstract 

A supported catalyst for olefin polymerization comprising a Group 1V-B roetallocene component and an ionic activator 
component comprising a cation capable of donating a proton and a labile bulky anion having a plurality of lipophilic radicals so 
that the anion is sterically hindered from covalently bonding with a cation produced from the Group IV-B metal of the roetallo- 
cene. 
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SUPPORTED IONIC METALLOCENE CATALYSTS 
FOR OLEFIN POLYMERIZATION 



-'"r^-V'JgTr.--" : :" ^ BajckgjpMi^ of the Invention 

-rU'-h : " j^G* "''1-^2^"^^"^? ^ > : ;2L- P f the Invention 

: - l ^ ^ £ *he 1 n ven 1 1 on r e 1 a t e s to supported catalysts for 
":£"S ^; ^ %P ol y»« riiat* on of ol ef 1 n s Including gas or slurry phase 
• -:> : iHS7^ y™ er * ?** j *M n * * dl olefins^ cycl 1 c olefins and 
•'S-;^^^ These catalysts, which nay be 

~. L ^^Pi- ^^?^^MWofted\ on known catalyst supports" include a Group IV-B metal 
l^^^a r \ r^Sf 7 lpcene compound and an tonic activator compound. Hhlle the 
V^K^ of this catalyst system has been previously 

^V^^^v 7: S>^;diaclpsed^ln ^bpendii^ EPA 277004 a supported form of 

has not heretofore been produced. The supported 
.vF-^^/^:5^^; .^ft ^a talys t^-^uii tablV' for use In gas or slurry phase olefin 

• ; 1 :}}'■''-' poiymerl zatlohi provides a polymer product having a narrower particle 

density than achievable with the 
'^M:^ ^ system. Furthermore, the use of the supported 
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1 catalyst In the gas phase results In greatly reduced reactor fouling 

2 as compared to the unsupported or homogeneous variant. By employing 

3 suitably sized supports, the catalyst systen can be employed 1n 

4 solution and high pressure polymerization processes. 

5 . ... .• . 

2- P?tfcq round 

6 Zlegler-Natta type catalysts for the polymerization of 

7 olefins are well known. The traditional Zlegler-Natta type systems 

8 comprise a metal hallde activated to a catalyst species by reaction 

9 with a metal alkyl cocatalyst, particularly an aluminum alKyl 

10 cocatalyst. The activation of these traditional Zlegler-Natta 

11 catalysts generates a variety of different active sites. As a 

12 consequence of this non-uniformity of the active sites, the catalysts 

13 produce polymer products of broad molecular weight distribution 

14 (MHO) • Furthermore, the copolymer products exhibit broad composition 

15 distribution^ (CO), poor comonomer Incorporation and blocky sequence 

16 distribution!; ~T 

; Recently It has been found that active catalysts are formed 

18 when a bls(cyclopentadlenyl) compound of the Group IV-B metals. In 

19 particular zirconium and hafnium, Is activated by an alumoxane. The 
20. metal locene-alumoxane catalysts whether homogeneous or supported 

; 2l> generally possess high activity and are more versatile than 

: 22j conventional Ziegler-Natta catalysts in that they may be effectively 

23 used to produce a variety of polymer products Including, for example, 

2A high density linear polyethylene (HOPE), linear low density 

25 polyethylene (LLOPE). ethylene-propylene copolymer (EP), 

26 non-crystal line polypropylene and crystalline polypropylene- The 

27 metal locene-alumoxane catalysts also offer the significant advantage 

28 over the traditional Zlegler-Natta catalysts of being able to produce 
25 polymers with narrow MWO. : 

3 9 / " Hhlle the metal locene-alumoxane catalysts do offer 

3 * significant advantages over the traditional Zlegler-Natta catalysts, 

32 they nevertheless have limitations In practical commercial 

33 applications. These limitations Include the relatively high cost of 
3< the alumoxane cocatalyst $• Alumoxane Is also air sensitive and 



difficult to manipulate. Furthermore, the metallocene-alumoxane catalysts, while 
producing a narrow MWD polymer product, have a limited capability to produce 
high molecular weight polymers or polymers having a high comonomer content 
Copending U.S. Patent Application Serial No. 133,480, also published as 
European Patent Application 277,004, describes a further advance in metallocene 
catalysts: a new metallocene catalyst which does not require either an alkyl 
aluminum or an alumoxane as an activator. The Group IV-B metallocene catalyst 
is prepared as a reaction product of a Group IV-B metal metallocene compound 
and an ionic activator compound. The ionic activator comprises a cation which 
will irreversibly react with at least one ligand contained in the Group IV-B metal 
metallocene compound and a labile bulky anion which is a single coordination 
complex having a plurality of lipophilic radicals covalently coordinated to and 
shielding a central charge-bearing metal or metalloid atom, the bulk of said anion 
bring such that upon reaction of the activator cation donatable proton with a proton 
rcact^ble substituent of a bis(cyclopentadienyl) Group IV-Bi metal compound to 
form a Group IV-B metal cation, the anion of the activator is sterically hindered 
from covalently coordmating to the Group IV-B metal cation. Hence, as described 
in the copending application^ an active catalytic species of a metallocene is formed, 
namely an ionic pair comprising a metallocene transition metal cation paired with a 
noncoordinating anion of the activator component- T. 

The new metallocene catalyst system (hereafter referred to as an "ionic 
metallocene catalyst") eliminates the need for an expensive alumoxane activator. 
The ionic metallocene catalyst also offers other advantages over the metallocene- 
alumoxane catalysts such as permitting the production of polyolefin products of 
narrow MWD arid of significantly higher weight average molecular weight at high 
rates of catalytic activity while also permitting better incorporation of comonomers 
and the control of the chain <2nd chemistry of the polymer. 

The new ionic metallocene catalyst of the copending application is, 
however, a homogeneous catalyst and generally can not be practically used for gas 
phase polymerization. The use of a r * 7 



WO 91/09882 



PCT/US90/07669 



207275% 4 



1 supported catalyst offers the possibility of gas phase 

2 compatibility. Control of the particle size distribution of the 

y polymeric product In the various polymerization processes eliminates 

* or reduces the extent of reactor fouling. 

5 Supported catalysts for olefin polymerization are well known 

6 1n the art. These catalysts offer, among others, the advantages of 

7 being usable In gas or slurry phase reactors allowing the control of 

8 polymer particle size and thereby the control of product bulk 

9 density. Gas phase reactors also eliminate the need for a solvent 

10 and the equipment for solvent handling and separation. However, the 

11 known Ztegler-Natta olefin polymerization supported catalysts also 

12 present disadvantages which Include broad MUD and composition 

13 distribution (CD). Inefficient incorporation of comonomers. poor 

U sequence distribution and, in the case of lower activity catalysts. 

15 the need for a product deashlng step. 

16 Supported metallocene-alumoxane catalysts for olefin 

17 polymerization are described In U.S. Patent 4.701 .432 of Melborn. 

18 These supported meta|locene-alun»xane catalysts are obtained by 

19 reacting a metal locene and an alumoxane In the presence of the solid 

20 support material.; The supported catalyst may then be employed either 

21 as the sole catalyst component or may be employed In combination with 

22 an organometalllc cocatalyst. The supported metallocene-alumoxane 

23 catalyst, however, stl 11 ; produces polymers of general ly lower 

2« molecular weight and comonomer Incorporation than desired for certain 

25 Applications. K^i;v;''.:;;^J;;/ ^^#V ' ~V-h*\&ii .'. 

26 I* vouM be desirable to provide a supported catalyst for 

27 gas or slurry phase olefin polymerization that eliminates the need 

28 for either an alumoxane or an alkyl aluminum cocatalyst. It would be 

29 further desirable that such supported catalyst be capable of 

30 providing a polymer product having a high molecular weight, narrow 

31 HMD and CD. good comonomer Incorporation, good sequence distribution. 

32 high bulk density and controlled particle size for ease of removal 

33 from the reactor. • -a'- ~ " 
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The invention provides a supported ionic metallocene 
catalyst which is suitable for use in the polymerization of 
olefins including gas or slurry phase polymerization of 
olefins. The heterogeneous catalyst, like its homogeneous 
counterpart disclosed in our European Patent Application EP 
277 004, permits the production of polyolefins of high 
molecular weight and narrow molecular weight distribution MWD 
at high rates- Moreover, the polyolefin products of the 
supported catalyst have a narrow composition distribution (CD) 
and improved sequence distribution of comonomers as compared 
to the products of prior art conventional supported Ziegler- 
Natta catalysts* 

The possibility of producing a supported catalyst was 
surprising since it would have been predicted that the 
reaction of ionic catalyst as described in the copending 
application with a Lewis base such as is present on a metal 
oxide surface would result in catalyst deactivation. This 
invention is even more surprising since aluminum alky Is are 
not present during catalyst preparation and furthermore the 
polymer products are similar to that obtained with the 
unsupported catalyst. 

V< The supported ionic metallocene catalyst of this 
invention comprises the ionic metallocene catalyst and a 
suitable support material. The metallocene component of the 
ionic metallocene catalyst may be selected from a 
bis (cyclopentadienyl) derivative of a Group IV-B (Periodic 
Table of Elements, published and copyrighted by CRC Press, 
Inc.", 1984) metal compound containing at least one ligand 
which will combine with an activator component or at least a 
portion thereof such as a cation portion thereof. The 
activator component is an ionic compound comprising a cation 
which will irreversibly react with at least one ligand 
contained in said Group IV-B metal compound (metallocene 
component) and an anion which is a single coordination complex 
comprising a plurality of lipophilic radicals covalently 
coordinated to and shielding a central formally charge -bearing 
metal or metalloid atom, which anion is bulky, labile and 
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te- 
stable to any reaction involving the cation of the activator 
component. The charge -bearing metal or metalloid may be any 

• metal or metalloid capable of forming a coordination complex 
which is not hydrolyzed by aqueous solutions. Upon combination 
of the metallocene component, and activator component, the 
cation of the activator component reacts with one of the 
ligands of the metallocene component, thereby generating an 
ion pair consisting of a Group IV-B metal cation with a formal 
coordination number of 3 and a valence of +4 and the 
aforementioned anion, which anion is compatible with and 
none oordina ting toward the metal cation formed from the 

.metallocene component. The anion of the activator compound 

'.must be capable of stabilizing the Group IV-B metal cation 
complex Without interfering with the ability of the Group IV-B 
metal cation or its decomposition product to function as a 
catalyst and must be J sufficiently labile to permit 

; displacement by ah olefin, diolef in or an acetylenically 

, unsaturated monomer during polymerization. 

' Either the ionic metallocene catalyst or both its 
components will be contacted with an inorganic or organic 

' solid support material, thermally or chemically dehydrated 
before such' contact, and treated with a trailkylaluminum 
s6lution> to form the supported ionic metallocene catalyst of 
this invent xon:; ■ - 1 

]:^rr^; The; method for preparing these supported ionic catalyst 
comprises the steps of, 

V (a) combining, in a solvent or diluent 

(i) at least one metallocene component comprising a 
, bis (cyclopentadienyl) metal compound containing at least one 

Iigand capable of ; reacting with a proton, said metal being 
^selected from Group iV-B metals, 

(ii) . at least one activator component comprising a 
cation capable of donating a proton and an anion, said anion 

.being a single coordination complex comprising a plurality of 
lipophilic radicals cbvalenty coordinated to and shielding a 

: central charge -bearing metal or metalloid atom, said anion 
being bulky ; labile and capable of stabilizing the metal 
catioh\f ormed as a result of reaction between the two, and 
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